Evidence for the presence of high energy magnetic excitations in overdoped La 2−x Sr x CuO 4 (LSCO) has raised questions regarding the role of spin-fluctuations in the pairing mechanism. If they remain present in overdoped LSCO, why does T c decrease in this doping regime? Here, using results for the dynamic spin susceptibility Imχ(q, ω) obtained from a determinantal quantum Monte Carlo (DQMC) calculation for the Hubbard model we address this question. We find that while high energy magnetic excitations persist in the overdoped regime, they lack the momentum to scatter pairs between the anti-nodal regions. It is the decrease in the spectral weight at large momentum transfer, not observed by resonant inelastic X-ray scattering (RIXS), which leads to a reduction in the d-wave spin-fluctuation pairing strength.
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Recent resonant inelastic X-ray scattering (RIXS) studies of La 2−x Sr x CuO 4 (LSCO) have found that high energy magnetic excitations near the antiferromagnetic zone boundary are present across a wide range of doping in the LSCO phase diagram [1] [2] [3] . In particular, while these excitations gradually soften and broaden in the overdoped region, they remain even as the superconducting transition temperature T c decreases. This raises questions regarding the role of spin fluctuations in the pairing mechanism [4] . Specifically, if these magnetic excitations persist in the overdoped LSCO, what is responsible for the destruction of high temperature superconductivity?
Here we discuss results for the dynamic spin susceptibility Imχ(q, ω), obtained from determinantal quantum Monte Carlo (DQMC) calculations for the doped 2D Hubbard model [5] [6] [7] . We find that similar to the RIXS studies, high-energy magnetic excitations persist into the overdoped regime. However at large momentum transfer, beyond the range observed by RIXS [8] , a reduction and hardening of the strength of the spin-fluctuation spectral weight is observed. We discuss the doping dependence of magnetic excitations for different momenta q, segregating regions which promote d-wave pairing (near q = (π, π)), are indifferent to pairing (along the AF zone boundary), and are hurtful to pairing (near zone center). The overall reduction of strength as well as hardening of magnetic spectral weight near (π, π) leads to a decrease in the strength of the d-wave pair coupling consistent with the suppression of superconductivity in the overdoped regime.
The Hamiltonian for the Hubbard model appropriate for the hole doped cuprates has the usual near neighbor hopping t, onsite U and a negative next-near-neighbor hopping t .
Here we will measure energies in units of t and set t = −0.25 and U = 6. The imaginary time spin susceptibility is calculated directly from DQMC as where S z (r) = 1 2 (n r↑ − n r↓ ) is the z component of the spin at site r. The real frequency susceptibility is related to the imaginary time susceptibility by
Since inverting Eq. 3 is numerically ill-posed, we use Maximum Entropy analytic continuation [9] to extract Imχ(q, ω) from the DQMC data. As described in Ref. [9, 10] , a model function based on the first moments of the data is used for the analytic continuation.
The spin fluctuation spectral weight Imχ(q, ω) for some selected q values is plotted versus ω in Fig. 1 for different dopings. For the half-filled system, the q = (π, π) response continues to increase and drop lower in frequency as T decreases. However, for the doped system, the spectral weight is well developed at this temperature and the magnetic spin-fluctuation response evolves smoothly as the doping is increased. For large momentum transfers near 4 (π, π), the hole doping both reduces and shifts the spin-fluctuation spectral weight to higher frequencies. However, similar to the RIXS data, for smaller anti-nodal momentum transfers q = (π/2, π/2) or for momentum transfers along the nodal direction q = (π, 0), the peak in Imχ(q, ω) found in the DQMC calculations remains.
To further illustrate the evolution of the calculated spin-fluctuation spectrum with doping, Fig. 2 shows a plot of the peak in Imχ(q, ω) for different dopings versus q along the nodal and anti-nodal directions from zone center. The ends of the vertical bars mark the energies where Imχ(q, ω) has dropped to half of its maximum value. The unshaded region denotes the momentum transfer regime observed in the RIXS experiments. Here to the right of (0, 0), q moves along the diagonal and to the left from (0, 0) to (π, 0). The shaded region at large momentum transfer marks a region which is not measured by the RIXS experiments of Refs [1, 3] .
From the results shown in Fig. 1 and 2 , one can see that while doping leads to changes in the overall magnetic excitation spectrum, the AF excitations accessible to RIXS remain relatively unchanged with doping. There is a clear similarity between the experimental coupling [11] is given by
Here φ d (k) = (cos k x − cos k y ) and the k averages are taken over a region of band energies ±0.5t around the Fermi surface. A plot of λ d versus doping is shown in Fig. 3a . Here one sees that this coupling strength decreases with doping. This same behavior is observed in a direct calculation of the correlated and uncorrelated d-wave pair-field susceptibilities [5, 12] and the corresponding interaction vertex, defined respectively as 
The The high energy magnetic excitations seen by RIXS at the edge of the BZ in the antinodal direction as well those seen along the nodal direction with q = (π/2, π/2) lack the momentum transfer to scatter pairs between the anti-nodal regions. This is illustrated in Fig. 4 which shows a plot of the convolved d-wave form factor
for n = 0.9. The pairing strength λ d given by Eq. (4) is proportional to a weighted average of Reχ(q, ω = 0) with respect to F (q). As shown in Fig. 4 , the spectral weight A portion of this research was conducted at the Center for Nanophase Materials Sciences, which is a DOE Office of Science User Facility.
